IV.4 Host Plant Quality and Grasshopper Populations
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Understanding how grasshopper populations respond tdifferent quality in order to provide a framework for
food availability and quality may contribute critical com-assessing grasslands from the grasshopper’s perspective.
ponents to models predicting outbreaks. In this chapte6d, from a manager’s perspective, a good sense of avail-
examine the relationships between demographic featurable food quality and quantity will provide some useful
of grasshopper population biology (growth rate, develogrules of thumb” for assessing potential problems. What
mental rate, survival, and reproductive output) in the coieatures can be factored into these decisions? Such
text of host plant quality. Because these relationships @asights will contribute to forecasting capabilities
be readily modeled and easily monitored under field cofsee VI.2 and VII.14).
ditions, models developed to forecast grasshopper out-
breaks could incorporate this information for better A General Framework to the Problem
accuracy (see chapters IV.1 and VI1.2).
Range grasshopper populations, as with many insect her-
Like all range herbivores, grasshoppers require a diet thatores, often fluctuate in response to variable plant qual-
provides adequate protein, energy, and water plus trac@ty. As suggested in several comprehensive reviews
nutrients and minerals. Sometimes, requirements inclugi&hite 1978, 1984, 1993; Mattson and Haack 1987;
unique needs, such as a specific amino acid or sterol tgJoern and Gaines 1990; Jones and Coleman 1991), nutri-
complete development or fuel a specific biochemical ents often limit grasshopper populations, and any envi-
pathway. After paying the cost to acquire and process ronmental condition that increases plant quality will
food input, grasshoppers then allocate remaining nutri-increase population growth in insect herbivores. Envi-
ents to fuel physiological and biochemical processes. ronmental stress routinely causes plant quality to shift as
This allocation process determines developmental rateplants respond to drought, temperature, nutrient availabil-
growth, survival, and reproductive output. Host plant ity, or tissue loss to feeding (herbivory) (Mattson and
quality varies seasonally, among years and among habHaack 1987, Jones and Coleman 1991). Natural environ-
tats. Toxic substances in plants may hinder nutrient  ments seemingly fluctuate as a matter of course and
acquisition by either slowing feeding rate, reducing multiple stresses capable of altering plant quality abound
digestibility, requiring detoxification, or otherwise mak- (see IV.5).
ing the diet suboptimal. Each of these effects reduces the
availability of nutrients for other grasshopper needs.  Following initial arguments of White (1978, 1984), the
Investigators need to understand how variable plant nulifrk between plant quality and climatic variation may
tional quality affects central features of grasshopper biadxplain many of the statistical links between climatic
ogy and population dynamics. Managers must assess variation and variability in grasshopper densities. Mod-
range quality for grasshoppers in addition to standard erately stressed host plants exhibit increased plant quality
measures applied to the effects of livestock, wildlife, orin two ways: food quality goes up, and there is also an
other range activities. Information on plant quality for increase in the quantity of high-quality leaf material rela-
grasshoppers can then be used to forecast population tive to grasshopper population densities. These two
changes. improvements in host material contribute to increased
grasshopper densities. By explicitly including density
A grasshopper does not typically encounter optimal foodependence, | am extending White’s framework.
items in a normal day’s foraging. To obtain needed
nutrients, an individual grasshopper may sample a varigtyriation in plant quality results from many sources.
of leaves from a few to many plant species that vary in Available soil nutrients and environmental stress
levels of each critical nutrient category (see 1V.7). Aftedrought, for example) can significantly change plant
grasshoppers locate and consume the best possible digfuality (Levitt 1972, Mooney et al. 1991). Stress
how does that diet drive population dynamics of a par- (broadly defined) can result in increased total-N (protein)
ticular species? Do different grasshopper species respettson and Haack 1987), increased total soluble pro-
to nutrient availability in the same fashion? In this chapein and free amino acids (Wisiol 1979, White 1984), or
ter, | also describe basic grasshopper responses to dietdtefed levels of energy-containing compounds, such as
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total nonstructural carbohydrates (TNC) or free sugars Total Nitrogen.—The amount of total nitrogen (g N per
like sucrose (Levitt 1972). Herbivore feeding can alter g dry green plant material) indicates protein availability:
subsequent plant quality by forcing reallocation of min- percent protein- 6 X (percent of total N). Total N var-
eral and energy resources within the plant (Coley et al.ies significantly among plant species, seasonally and
1985, Bazzaz et al. 1987, Chapin et al. 1987, Mooney etmong years at a given site, while important differences
al. 1991). Variable plant quality resulting from these are often observed among sites in the same year and sea-
combined effects significantly influences insect herbivosmn. Forbs typically exhibit higher total N levels than
populations: As plant quality increases, insect popula- grasses, all else being equal. However, forbs also include
tions increase (Mattson and Haack 1987, Berryman 19&TYany secondary compounds that may act as feeding
Joern and Gaines 1990, Jones and Coleman 1990). deterrents or toxins. As a rule of thumb, 1 percent total
Growth, developmental rates, survival, and reproductioiN becomes a lower limit to support grasshopper growth
rates, or some combination of these demographic forcemnd development satisfactorily, although notable excep-
vary according to these shifts in plant quality. tions exist (such aBhoetaliotes nebrascensishfter

starting at high levelsx(4-5 percent total N) when
How Variable Is Plant Quality in Nature?  growth just begins in spring, total N concentrations often

drop to about 1 percent (or lower) in late July or early
Range plants routinely undergo significant stresses frorAugust for northern grasslands. A moderate rebound
many sources, especially drought and herbivory (grazirfypically occurs in early September. However, in some
animals). These stresses ultimately alter the nutritional years, when conditions are particularly favorable, total
plant quality available to grasshoppers. Thus, grass- N may never drop to 1 percent. Also, certain plants may
hoppers experience a wide range of “nutritional environexhibit high N levels, and others, low concentrations. A
ments” within and among years. Many readily measuregfasshopper faces such variation as it searches for good
attributes contribute to food quality variation—plant ~ food.
species-specific differences, plant growth stage, or envi-
ronmental conditions (especially water and nutrient availotal Nonstructural Carbohydrates (TNC).—These
ability, which affect physiological function). Similarly, compounds represent the immediate products of recent
different grasshopper species or developmental stagesffbptosynthesis and show a more irregular seasonal pat-
a particular species often exhibit variable nutritional  tern than that observed for nitrogen. TNC represent an
needs. Care is required when directly specifying qualitymmediate energy source for grasshoppers. While carbo-
based on simple plant chemical measures. However, hydrates affect grasshopper growth, the availability of
direct measures of key plant chemical classes provide @noteins tends to be more significant in limiting it.
unambiguous baseline for comparison.

Total Free Sugars and Total Free Amino Acids—
Knowledge of nutritional requirements for dominant ~ These nutritional components change in ways similar to
species at a site simplifies monitoring changes in plant total N and TNC, respectively, and may be important as
quality to predict possible grasshopper responses. My feeding cues as well as nutrients. Both can vary with
examples will illustrate the main responses that can beenvironmental stress (see 1V.5 and 1V.7). The amino
expected for dominant nutritional classes. From a landacid proline provides a good example. Proline can either
manager’s perspective, an estimate of shifts in plant quaievide a good source of amino acids or can be metabo-
ity may help when assessing range condition and how lized as an energy source. It often increases in plants
that condition is changing from the standpoint of feedingnder drought stress, presumably to aid plant osmoregu-
by both grasshoppers and cattle. Low-cost chemical lation (maintain water balance) (Wisiol 1979, Behmer
assays exist to help managers assess plant quality on and Joern 1994). Along with the common free sugar
rangeland. sucrose, proline significantly stimulates feeding in some

grass-feeding grasshoppers during phases of their life

cycle when nutritional resources are limited.
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How Does Altered Host Plant Quality diets by economically important grasshopper species and

Affect Feeding? remove that balance, then we may be able to manipulate
plant communities to decrease grasshopper populations.

Feeding includes searching for acceptable food, selectitiythe case oM. sanguinipescontrolling densities of

foods from among several choices, and then digesting fHéferred forbs may prove important, both to alter indi-

food. The grasshopper actively controls each of these vidual growth and reproduction as well as to shift the

phases in the feeding cycle (for more details see IV.7). competitive balance with other species.

Food intake provides resources for all subsequent phyddow Does Plant Quality Affect Key
ological processes. In general, higher quality food lead®emographic Attributes?
to larger individual meals but lowered overall time spent
feeding, increased time in the gut, and increased digeskey demographic parameters, such as survival,
ibility. Each individual grasshopper requires less total fecundity, developmental rate, and growth, significantly
food when feeding on higher quality tissue, and high- respond to changes in plant quality. Poor-quality food
guality plants lose less total tissue per grasshopper.  results in poor demographic performance and vice versa
However, individual plants vary in quality. Overall (Bernays et al. 1974). Total food availability directly
grasshopper feeding becomes context dependent. Foraffects these factors (Mulkern 1967, Mattson and Haack
example, a poor-quality host plant by itself may lose 1987, Joern and Gaines 1990). From a grasshopper’'s
much leaf mass to support a grasshopper (it takes mor@iewpoint, plant quality surely includes both nutritional
tissue to provide adequate nutrients) but will not be  and defensive properties of the host plant.
fed upon as much when it grows alongside high-quality
plants. Thus, potential loss to an individual plant shifts Evidence indicates that different species of host plants
depending on the alternate plants available to the influence fecundity (Pfadt 1949; Pickford 1958, 1962,
grasshopper. 1966). For examplé&;amnula pellucidaerformed
poorly (developmental rate, nymphal and adult survival,
Accumulating evidence suggests that most grasshoppessd fecundity) when fed native vegetation in Canada
mix food to balance diets. Some species select from acompared to spring and summer wheat (Pickford 1962).
great number of host plants. Grasshoppers that feed o&gg production makes significant demands on the
multiple host plants often exhibit higher survival and  grasshopper’s nutritional economy and depends signifi-
fecundity (reproductive ability) than those fed single foathntly on protein and energy obtained from the diet.
plants. Melanoplus sanguinipesor example, does not  Nutrient stores cannot supply the reproductive process
do nearly as well when fed either grass or forbs alone dsr long. M. sanguinipesaid few eggs when fed wheat
when fed both grasses and forbs. In experiments with seedlings low in nitrogen (Krishna and Thorsteinson
other grass-feeding grasshopper spediesanguinipes 1972). Similarly, wheb.ocusta migratoridemales fed
often surpasses other species in food gathering when on low-protein diets, egg production dropped and termi-
grasses and forbs are present but loses if forbs are  nal eggs were resorbed (McCaffery 1975). Similar
absent (Chase and Belovsky 1994). In a similar vein, results have been observed for other species. In addition,
some grasshoppers often mix turgid with wilted tissue extreme drought often results in a decrease in the food’s
of the same food plant, typically resulting in increased quality and quantity, decreasing reproduction in a number
fecundity (Lewis 1984). of grasshopper species. Such results become important
for understanding grasshopper population dynamics, as
It appears that few host plants provide a completely bakeproductive changes can drive population change.
anced diet for most grasshopper species and that grass-
hoppers can adjust behaviorally to optimize diets Fecundity in common range grasshoppers varies in
(Simpson and Simpson 1990). Very few species exist response to both protein and carbohydrates. While
that are truly specialists and feed on a single host plantlifespan has some effect on fecundity and is also depen-
species. If we can learn what is required for balanced dent on food quality, total N significantly affects repro-
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ductive output. Dramatic species differences exist. ~ Trap Strips as a Management Tool
While these different patterns are yet unexplained, they
should alert managers to the potential problem of geneft seems clear that any range management technique that
alizing results from a small set of increases plant quality in a patchy fashion may increase
species to all grasshopper species. local grasshopper densities. By adding fertilizer to areas
to enhance plant growth, land managers can expect
Grasshopper survivorship is sensitive to food plant qualncreased grasshopper densities. While untested, a prom-
ity. As with fecundity, species-specific survivorship varising idea is to develop treatable trap strips by fertilizing
ies according to host plant eaten (Pickford 1962, Mulkesafficiently large patches to reduce overall densities else-
1967, Bailey and Mukerji 1976, Joern and Gaines 1990yhere. If trap strips remained ungrazed, they would also
For exampleA. deorunives longest in experiments withprovide superb nesting habitat for grassland birds and
highest N-levels in the leaves of its primary food plant. thereby further support control. Optimal spacing and size
To emphasize the importance of species-specific differfor these strips is not known, nor is the year-to-year
encesP. nebrascensiexhibits the opposite response to dynamics of grasshopper populations on or near these
plant quality as seen . deorum.Furthermore, in a proposed strips. For example, will grasshoppers lay more
third speciesM. sanguinipestotal N only minimally eggs leading to greater buildups? Will hot spots develop
affects survival. BuM. sanguinipesequires a mixture  from such treatments? Will increased grasshopper
of grasses and forbs, indicating that a varied dietis  density greatly reduce food on these trap strips, leading

important for this species. to movement away from the trap? Or will density-
dependent mortality kick in and greatly reduce the infes-

How Does Plant Quality Affect Spatial tation? Will bird predators seek out these high-density

Distribution of Grasshoppers? patches and greatly reduce numbers? While each of these

issues hold promise or concern for grasshopper IPM,
While grasshopper integrated pest management (IPM) igsufficient data currently exist to predict responses accu-
primarily concerned with overall densities, the distribu- rately. | feel, however, that clever managers will find
tion of grasshoppers in time and space offers importantways to incorporate these approaches using trial-and-
insights into grasshopper demographic responses. Ofterror techniques coupled with accurate records and
individual patches of range reach very high grasshoppghoughtful interpretations. While such manipulations
densities while most of the remaining range experiencesave been poorly studied, | believe that they hold great
low densities. It is not generally clear why these distribpractical promise for developing innovative grasshopper
tional patterns arise. Grasshoppers forage in a variabléPM programs.
environment, with plant quality often changing over short
distances. If some plant patches reach higher quality Idvinal Comments
els than others, local grasshopper densities may increase
as individuals move into the patch and remain (HeidornMy major take-home message in this section concerns
and Joern 1987). In typical rangeland situations, grasshow alteration of plant quality can affect grasshopper
hoppers often move onto adjacent areas after haying, gmsgpulation processes. In quick summary, most host
sibly in response to a significant removal of quality foodplants that are routinely consumed by grasshoppers vary
material. However, because haying changes so many significantly in nutritional quality, over any time or space
environmental features, reasons other than loss of avaiscale that may interest land managers. Often, host plant
able high-quality food may explain this movement. quality responds directly to stresses induced by climatic
variation. Moderate amounts of environmentally induced
stress typically increase the quality of grasshopper food,
especially with regard to protein.

IvV.4-4



In response to changing host plant quality, grasshoppe#sern, A.; Gaines, S. B. 1990. Population dynamics and regulation in
alter feeding patterns as well as allocation of assimilategasshoppers. In: Chapman, R. F.; Joern, A, eds. Biology of grasshop-
food. All key demographic variables respond to altered®"s: New York: John Wiley and Sons: 415-482.

plant quality, altho_UQh managers mus_t remember that _QJJ)nes, C. G,; Coleman, J. S. 1991. Plant stress and insect herbivory:
grasshopper species do not respond in the same fashi@§ward an integrated perspective. In: Mooney, H. A.; Winner, W. E.;
Grasshopper IPM programs must be pegged to the  Pell, E. J., eds. Response of plants to multiple stresses. New York:

amount of forage eaten by individual grasshoppers, theAcademic Press: 249-280.
significance of these losses, and the number of grassh%)_- _ _
rishna, S. S.; Thorsteinson, A. J. 1972. Ovarian development of

pers that are eating relative to available forage. Grass"Melanoplus sanguinipg$ab.) (Acrididae: Orthoptera) in relation

hopper population processes become important only ing yilization of water soluble food proteins. Canadian Journal of
the context of long-term issues: those programs that keeplogy 50: 1319-1324.

grasshopper populations at low levels will incur less for- _ .
age loss over the long term. But the interaction is two Lewis, A. C. 1984. Plant quality and grasshopper feeding: effects of

sided and dynamic: variability in both host plant quality>uflower condition on preference and performanddafanoplus
: . differentialis Ecology 65: 836-843.
and grasshopper demographic responses interact to drive
forage loss. Levitt, J. 1972. Responses of Plants to Environmental Stress. New
York: Academic Press. 697 p.
References Cited
Mattson, W. J., Jr.; Haack, R. A. 1987. The role of drought in out-

Bailey, C. G.; Mukerji, M. K. 1976. Consumption and utilization of breaks of plant-eating insects. Bioscience 37: 110-118.

various food plants blylelanoplus bivittatusndMelanoplus

femurrubrum Canadian Journal of Zoology 54: 1044-1050. McCatfery, A. R. 1975. Food quality and quantity in relation to egg

production inLocusta migratoria migratorioideslournal of Insect

Bazzaz, F. A.; Chiarello, N. R.; Coley, P. D.; Pitelka, L. F. 1987. A”(fjhysmlogy 21:1551-1558.

cating resources to reproduction and defense. Bioscience 37: 58_6KAooney H. A.: Winner, W. E.: Pell, E. J., eds. 1991. Response of

Behmer, S. T.; Joern, A. 1994. The influence of proline on diet sele@-Iants to multiple stresses. New York: Academic Press. 422 p.

tion: sex-specific feeding preferences by the grasshoppers
Ageneotettix deorumndPhoetaliotes nebrascengi®rthoptera:
Acrididae). Oecologia 98(1): 76-82.

Mulkern, G. B. 1967. Food selection by grasshoppers. Annual Review
of Entomology 12: 59-78.

Pfadt, R. E. 1949. Food plants as factors in the ecology of the lesser
migratory grasshoppéMelanoplus mexicanusiull. 29. Laramie,

WY: University of Wyoming and Wyoming Agricultural Experiment
Station.

Bernays, E. A.; Chapman, R. F.; Horsey, J.; Leather, E. 1974. The
inhibitory effect of seedling grasses on feeding and survival of
acridids. Bulletin of Entomological Research 64: 413—-420.

Berryman, A. A. 1987. The theory and classification of outbreaks.
In: Barbosa, P.; Schultz, J. C., eds. Insect outbreaks. New York:
Academic Press: 3-30.

Pickford, R. 1958. Observations in the reproductive potential of
Melanoplus bilituratugWiIk.) (Orthoptera: Acrididae) reared on
different food plants in the laboratory. Canadian Entomologist

Chapin, F. S. lll; Bloom, A. J.; Field, C. B.; Waring, R. H. 1987. PIar?tO: 483-485.

responses to multiple environmental factors. Bioscience 37: 49-57. _. . .
P uip Vi 10s¢cl Pickford, R. 1962. Development, survival and reproduction of

Melanoplus bilituratugWIk.) (Orthoptera: Acrididae) reared on

Chase, J. M.; Belovsky, G. E. 1994. Experimental evidence for the different food plants. Canadian Entomologist 94: 859—869.

included niche. American Naturalist 143: 514-527.

Coley, P. D.; Bryant, J. P.; Chapin, F. S. lll. 1985. Resource availab@'—Ckford‘ R. 1966. Development, survival and reproduction of

. - . . . . amnula pellucidgScudder) (Orthoptera: Acrididae) in relation to
ity and plant anti-herbivore defense. Science 230: 895-899. climatic conditions. Canadian Entomologist 98: 158-169.

Heidorn, T. J.; Joern, A. 1987. Feeding responses and spatial distrigtlj-

tion of grasshoppers (Acrididae) in response to nitrogen fertilizationperggzggr’] f).y\]p.)%itlgnpﬁlsz:gnc;u%it:si?t?so.lr'r%Cehri:;stnsEOLnué::;tlcl)DrI]:rlwfom-
of Calamovilfa longifolia Functional Ecology 1: 369-375. insect interactions. Vol. Il. Boca Raton, FL: CRC press: 111-160.

IV.4-5



White, T.C.R. 1978. The relative importance of shortage of food in
animal ecology. Oecologia 33: 71-86.

White, T.C.R. 1984. The availability of invertebrate herbivores in
relation to the availability of nitrogen in stressed food plants.
Oecologia 63: 90-105.

White, T.C.R. 1993. The inadequate environment: nitrogen and the
abundance of animals. Berlin: Springer-Verlag. 425 p.

Wisiol, K. 1979. Clipping of water-stressed blue grama affects proline

accumulation and productivity. Journal of Range Management
32:194-195.

IV.4-6



